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incorporatei~
tests made in
flying boat

The hydrodynamic characteristics of a flying boat
low-drag, planing-tail hull were determined from model
Iangley tank no. 2 and compared with tests of the same
incorporating a conventional type of hull. The planing-tail-modelhad
a greater range of elevator deflection and center-of-gravity location
for stable take-offs than did the conventional model, No upper-limit
porpoising was encountered by the planing-tail model. The maximum
changes in rise during landings were lower for the planing-tail model
than for the conventional model at most contact trims, an indication of
improved landing stability for”the planing-tail model. The hydrodynamic.
resistance of the planing-tail hull was lower than that of the conven-
tional hull at all speeds, and the load-resistance ratio was higher for
the planing-tail hull, being especially high at the hump. The static.
trim of the planing-tail hull was much higher than that of the conven-
tional hull, but the variation of trim with speed during take-off was
smaller.
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INTRODUCTION

In the search for a fl.ying-baathull that would have.low air drag, — ---

a wind-t~l investigation was made with several models of planing-tail ‘ ...._
flying-boat hulls. The results of this investigation are given in refer- - .:_
ences 1 and 2 and indicate that a deep-stepped planing-tail hull with a
very full step fairing will have much lower air drag than that of a -—

comparable conventional type of hull. Resistance tests previously made
with planing-tail hulls (references 3 to 5) indicate that this type of
hull canbe expected to have lower hydrodynamic resistance than a com-
parable conventional hull. A dynamic model was fitted with a planing-

-.

tail hull, the lines of which closely approximated those of the lowest-
drag hull reported in reference 2. The hydrodynamic characteristics of

.
%persedes the recently declassified NACA RM L7I1O, “Hydrodynamic

Characteristics of a Low-Drag, Planing-Tail Flying-Boat Hull” by Henry B.

. Suydamj 1948.
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the mode~fitted.with the planing-tail hull are given in this,paper and
are compared with the hydfodyns.miccharacteristics”of.the same model -
fitted with a conventional tjqe of hull. me hydrodynamic character-’
istics of%hese models were determined during tests made In fingley
tank no. 2 using the procedure of reference 6.

COEFFICIENTS AND SYMBOLS

The speed, resistance-,and load on the water were reduced to the
following nondimensional coefficientsbased on Froude’s criterion for
~tiilitude:

speed coefficient
()&

()Rresistance coefficient= —
wb3

()
load coefficient ~

wbj

speed, feet per second
..

acceleration due to gravity, feet per second per seco?k3

maximum beam of hulls (1.125 f%)

resistance pounds

specific weight of.water-(63.5 lb~cu f% in these tests)

load

trti
at

mean

on water, pounds

angle, angle between a line:tangent to the forebody
the step and the horizontal) degrees

aerodynamic chord, inches

MODEL AND APPARATUS
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In order ti.gain an -evaluation-o~the hydrodynamic characteristics .
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existing dynamic model was modified to obtain a hull form gimilar to
r the lowest-drag hull of reference 2. .The resulting hull differed in -

some respects from the one tested in the wind tunnel bec”auseof limita-
tions imposed by fitting it to the existing model. The sternpost a@e .
was held the stie for the tank model as for the wind-tuhnel model, but
the length-beam ratio and the depth of step were lower for the tank
model. The aerodynamic characteristics of this”tank model will probably
differ to some extent from those of the wind-tunnel model because of
these differences. However, the extreme step fairing, which is the
feature most suspect of adversely affecting hydrodytiic performance,

...

has been made fuller on the-tank model than on the wind-tunnel model.
—

A%Y hydrod-ic difficulty ch=geable to the fafii~ wo~d thus be , ...

--

.

. -.. .
.-

.L--

—-....
accented by the tank model.

A photograph of the modified dynamic model with the planing-tail
hull is shown as figure,1, and the general arrangement and hull lines.
are given in figures 2 and 3, respectively. The general arrangement
and hull lines of the dynamic model with-a conventio~l type of hvll ..
are shown in figures 4 and 5, respectively”. The maximum beam was held
the same and the gross weight, moment of inertia, and static propeller
thrust were held as nearly the ssme as possible for.the planing-tail

. configuration as for the conventional-hullmodel.

The aerodynamic surfaces of the two models were the same, but their
“ locations on the models were slightly different, as,shown in the list of

principal dimensions for the two models. (See table I.) The horizontal-
tail moment arm of the planing-tail configuration was inadvertently made
1.85 inches shorter than the conventional-hull configuration, and the
dihedral was deliberately eliminated to facilitate model construction.
However, the stabilizer of the planing-tail configuration was adjusted
to give the same pitching moment at Oo trim as the conventional-hull
configuration. The angle of incidence of the wing of the planing-tail
configuration was held the same with respect to the deck line as the

“ conventional model, but the tangent to the forebody keel at the step for
the planing-tail configuration was made to,coincide with the base line,
instead of forming a 2° angle with the baseline, as was the case for
the conventional flying boat. Since the trim angle T for both models
was measued as the angle formed between a,line tangent tQ the forebody
keel at the step and the water surface, the planing-tail model would ha~e
a 2° higher angle of attack of the wing than the conventional-hull model
for the same trim angle. This difference would have very little effect
on the stability characteristics of the models, since both models would
still operate on the straight portion of the lin cur= below the Stali
at the highest trtis tested; however, it would have some effect on the

.
.
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resistance due to.the change in the load on.the water for.the two models
the same trti and speed. .

The dynamic planing-tail model was constructed of.balsa and tissue
and was powered by electrically driven adjus-table-pi.tchpropellers. The
gross load coefficient of the model was 0.94 and, with the center of
gravity located at 28 percent of the mean aerodynamic chord, the value
of the moment of inertia wa& a~proximate~y 8.4 slug-feet2. For the
stability tests, the model was attached.to ihe towing carriage free to

.__.

.

ati .__~-.——...—=.
....

.

pitch aridfree tc.rise. The model was controlledby means of the elevators,,
which were controllablethrough a range of t300deflection.

TEST PROCEDURES

Center-of-Gravity Limits of Stability

The center-of-$gavity limitE of stability of the model were found
by the usual method of maki~. an.acceleratecl_~ to,get-amy, with fixed
elevators, for a constant-accelerationofil.mot per secofi per second.;
Full power was used on all runs, and the model trim, risej”an~amplit~e
of porpoising were recorded on a wax-co~ted~la%en “rigidlyfixed to the
carriage by a pointer on the model. A suffik~nt numberof center-of-
gravity locations and elevator deflections &6re tested to cover the
normal range of values and to define C1OER1T the stability limits. The
variation”~f trim with speed
during these runs:_

Trim

.-
...- ~

.- —..____

f-

.
—. —~

for the mriou~ condjtions”w& also obseryed “T:

.-._—— --.—.—L.. ..>—~ ....-

Limits of Stability

The standard technique employed in the Langley tanks was used to
ascertain the trim limits of’stability. The towing cmmiage was held
at constant speed while the model trim wae KIQwly increased or decreased
with the elevator~.untilthe porpoising li.& was’cros6e& The.lower
limit-and the upper ltiit,increasing trim, were considered to be the
trims where yorpoiging oscillations started; and the upper limit,
decreasing trim, is defined as the trhn ass~ed~y the model at the
instant upper-limit porpoising ceases. If riocurve-for the limit of
stability is shown, no u~r-ligit po~oisi’& waiiencountered by the
model.

—.- -—

.-

.-

. ----
.- ..-—

. .

Landing Stability
.

The landing stability of the model was.investigatedby trimming the
model in the air to the desired landing tr~ while the carriage was held, “--.
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at a constant speed slightly above model flying syeed and then decel-
-L-

erating the carriage at the uniform rate of 3 feet per second per second
and allowing the model to glide onto the water to simulate an actual
landing as the speed fell below fIying speed. The model was restrained
from rising more than 2 inches clear of the water when flying in order
to hold the sinking speed to reasonable values. The landing trims and
model behavior were observed visually, and records”of the a@&ar and ““ ““’

..

vertical displacement of the model during the landings were scribed on
sheets
motors
during

of wax-coated paper. Landings generally were made with the model
set to deliver approximately one-quarter of the full power used
take-offs.

Resistance —

Since the resistance of the conventional-hullmodel was not investi-
gated in,the previous tests, the resistance of this model was determined
by separate tests made in Langley tank no. 2 in order to facilitate a
direct comparison of the resistance characteristics of the low-drag
planing-tail model and the conventional-hullmodel. The hulls of the
two dynsmic models’were tested tith the standard resistance dynamometer
under similar conditions with wing and tail removed. The models were

.
tested fixed in trim and at constant speeds. The range of trim tested
at any speed was determined from the hydrodynamic stability tests as
being the range of stable trims attainable at that speed by the use of.
the elevators alone. The load on the water at a given trim and speed
was determined from the aerodymmic lift curves of the flying boat. The
same initial gross load coefficient of 0.94 was used for both models,
and the center of gravity wae considered to be located at 30 percent
mean aerodynamic chord. The resistance selected at each speed for com-
parison was the lowest resistance obtained at that speed.

.-

RESUITS AND DISCUSSION

Take-Off Stability

The take-off stability is given for the two configurations in ‘“ .
figure 6 as a plot of elevator deflection against center-of-gravity loca-

? tion. For the conventional-hull model, there is a range of center-of-
gratity positions from 27 percent mean aerodynamic chord F to about ..

46 percent F for which stable take-offs are possible. The range of
elevator deflections for stable take-offs increases rapidly from about

. 5° at 27 percent 7 to 13° at 30 percent F and remains approximately
constant at 13° for the range of center-of-gravity positions from
30 percent E to 36 percent 7. M of 36 percent ~ the range of
negative elevator positions available decreases rapidly to about 5° at_

,-
.

42 percent Fj however, this decrease is probably compensated for by an
increase in available positive elevator positions. No tests were made
with positive elevator deflections. For the planing-tail configuration,
stable take-offs were possible at all center-of-gravity locations tested
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from 22 percent E to 41 percent..F. At 22 percent ~> the r-e of
—

elevator deflection= availablefi.orstable take-offs was about 12°, and - “ –‘“~-
this range increased centinuously to a full 30° at 41 percent E. Thus,
for all center-of-gravitypositions teBtedj s~.abletake-offs are possible ....
with the planing-taQconfi~ation @ elev%gr deflections of=18° -and_ -“__ ~=
greater. ...,-

.J-:

The trim limits of stability for the two configurations (fig. 7)
offer an explanation for.the very go,odtake-off stability of the planin&
tail model.- The conventional-hullmodel first encountered the lower

.—.

porpoising limit at= speed coefficient ofiabout 3, which is just beyond
7.—

the hump sleed fur t~ model, and-at a trim of about 7~0.
.“..:.,-,.—-

It encountered
..-

the uppertrti llmit first ata-~peed c~fficient of 4.2 and at a trti
..-—

..+.-
of about 10°. The sl%ble range between these~limits is restricted, and - -:~;

.-.,..—..—

if the elevator deflection and center-of-gravity loc’ati~nwe ad~usted - - ‘--.-”-
to avoid the lower porpoising limit, there i~a relatively-small ra.gge

.—~:

of higher elevator.deflectionsor more aft @sition.s,of the center of ..~~.=~
——

.-
gravity available for stable take-offs before.the upper porpoising llmit “ “’-.~
will be “cYossed. For the plming-tail modelz;hoyever, the lower PoKpoiRi%-. .. ..1
limit was not encountered until a speed.coefficient .ofabout 4.2 was .,

reached with a correspondingtr~ of 3Q)-qnd no upper porpoising limit.@s ‘“‘“ ‘-
encountered at any trim or speed.

...=. .-==
The maxim& trim attainable with full” ~.=

elevator deflection is shown in figure 7. Conceivably, an upper porpoising
limit does ‘existfor this model at trims above this ,maximumattainable ;,”~~.-.~
trim. This combination, or,lackj of porpois~~ ligits givFs a very large ‘,=
stable range ~d makes available for stable take-off% a much greater - .-,-+-
number of
tions for
model.

combinations of elevatcn?deflections and center-of-gravityposi- .-“. ,. ~
the planing-tail configuration thamfor the conventional-hull..=. ,. .-----

0

Landing Stability

During a,landing a f~ing boat experiences a series of rise changes
or heaves which may be insignificantor may be large,enough to cause the ““ -~”” ...
airplane to leave t~ water, a behavior that is commonly known as skipping.
The greatest of these rise changes experienced.during a landing is desig- ‘ ._~”.~,~
nated the maximum change in rise. Values of..thismaximum change in rise
for the-planing-tailmodel were obtained durQg landings at m.ious” con-.., _.x~.:._~
tact trtis throughout the normal operating trim range.. These maxti .. _ ,.=
changes in rise are plotted against contact Qrim in fig~e 82 and this -

curve is compared with the curve of landing stability for the conventiotil--”“– “..:::
.-

hull model.taken from figur*-6 of reference 6. The conventional-hti “-” =. j___
model has a ‘narrowrange of bad landing stability at contact trims from
60 to 70-with a setierediscontinuity at a contact trim of 70. Below.6°. - .:=
and above 7° landings are generally acceptable. In contrast, the curve
of landing stability for the planing-tail.model is smooth and continuous z

—, . :..=:&.
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at all contact trims and is well below the maxhmun rise for the
conventional-hullmodel over tiostof the trim range. This performance
for the planing-tail model is somewhat unexpected in view of the very
full step fairing with which the model was fitted. Past experience-has
indicated that extreme step fairings have a tendency to cause landing
instability so that either removal or retraction of the fairing is
necessa~. Figure 8j however, indicates that the very deepj pointed.
step of the planing-tail hull can be fitted with an extreme aerodynamic
step fairing and still maintain good landing stability.

----- .-...%
-,

. -. ---—
*..-=,

Resistance ..

The hydrodyasmic resistance curves of the planing-tail and
.-
....

conventional-hullmodels are given in figure 9. The resistance is seen “i....=..
to be lower for the planing-tail hull than for the conventional hull;
it is considerably lower throughout the ~ajor part of the curve at hump . ...
speed and beyond through intermediate aid high,speeds. Because of the
difference in the angle between the wing-chord line and the keel Yor the. - :“,
two models, however, this considerably lower resistance for the planing-
tail hull cannot all be attributed to the more efficient hull form.

:<.
.

. The curves of trim plotted against speed coefficient which were
used to obtain the resistance curves of figure 9 are given in fi~e 10
for the two models. The curves of load coefficient plotted against speed.
coefficient for the two models which correspond to the trim curves we
also shown in figure 10. For any given speed of the model, the trim
and load coeffici~nt found in figure 10 were applied to the model to “
obtain the resistance coefficient given in figure 9. At restj both
models have a load coefficient of 0.94 without power, but because the
load curves are derived from the aerodynamic lift curves for full power,
the static load coefficient is considerably lower for the planing-tail
model than for the conventional-hull model. This decrease is due partly
to the 2° higher angle of incidence of the wing on the pls.ning-tail.model
but is mainly due to the much higher trim and consequently the higher
angle of attack of the planing-tail model, which is a definite advantage
attributable directly to a planing-tail hull. The load coefficient is
lower for the planing-tail hull than for the conventional hull at all
speeds for the same reasons - that isj 2° higher angle of incidence ad
generally higher trim for the planing-tail model.

.-

: .=.=

..-:
————

In order to eliminate the effect of the different load coefficients
of the two models and to obtain a direct comparison of hull efficiencies, _ .==
a plot’of load-resistance‘ratioagainst speed coefficient is given in
figure 11. The planing-tail hull has a much higher efficiency at the

. hump than the conventional hull, with a load-resistance ratio of 6.2 as
.

compared with 4.8 for the conventional hull. Comparison of the load-
resistance ratios for the planing-tail hull at high speeds with the
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res.ultsin reference.-4.indicates that the preSent values are normal fcm
a planing-tail hull.

.-
—

The load-resistancerat~ for the conventional
hull, however, are Sb”mewhatsurprigng, being higher in the high-speed T - “’”-~

m-—.

region than values generally obtained fur-conventionalhulls. L—

Variation of Trim with Speed

The variations of trim with speed during ~~ke-off, shown for the
planing-tail model i.qfigure 12 and for tk cqvention+l~hull model in
figure 13,“-illustrate.the.fundamentally differ&ntitake-offcharacteristick-
Of the two hulls.’ In figure.12,””curvesa??egi~en for elevator def>ec- ‘
tions of 0° and -30° while in figure 13, elevator deflections of -5°
and -25° are-used. The sma~er range of elevator positions tested on ““
the conventional-hullmodel was necessary in order to avoid very severe
porpoising.-

At rest, the conventional model has a trim of slightly less than 1°.
As speed iS increased, the trim first drops slightly andthen increases
rapidly to a peak at a speed.coefficient..ofab~ut 3,.afi~-which it falls..,
off rapidly until a speed coefficient of-about.h-is reached. The planing-
tail model has a trim at rest dfislightly less-than 6°, much higher than
the conventional modelj but as speed is”increased, the model increases
trim gradually until it reaches a speed coefficient of about 4. Above a
speed coefficient of 4, the elevators of both models become very efTec-
tive, and a large range of+mti is attainable by each model.

~ical c~ves of the variation of trimw~~h speqd during stake-off.
are those given.in figure 10. The total trim y~iation for the
conventional-hullmodel is about..7~0while the..variationfor the planing-

tail model for the entire take-off iun is only about 2°. This smaller
variation of--trimwith speed for the plarglng-tailmodel is”efplainedby
the very deep step, which accounts for the hi@.tr@ at rest~ and the
long afterbody, wldch prevents the model from trimming uy very high during
the ear~y part of the take-off run:” At high speeds the elevators are
very effec~lve, and the trim is determined-prigg.rily
position, as is the case for the conventional model.

Spray Characteristics

No detailed investigationwas made of the spray

.-.,

—

.=
.-.—. .--——

—
___ .-—-=—-

-.
.=---

-——--—

-
——

- :,,
.-

..-
..—

—h-

.-
.-. -- -.-—

—.

.-. .

.—

—

by the elevator
-s-T

.—.—

characteristics of
. .. — .—

the planing-tail model. However, because the forebody of the planing- ‘ ---------—

tail model had.the same maximmbeam and only slightly greater length “’‘“
than the forebody of the conventional-hullmodel, and both models had

-.*---
.

the same gross load, no noticeable difference in spray entering the —
propellers.or strikiw.the flaps was expected.. Vis@ obse~tion ,. “ ~.--–

,.
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indicated that the spray entering the propellers
. on the flaps were approximately the same for the

9

and the spray impinging --
planing-tail model .,.....-— —. “

as for the conventional-hullmodel. The horizontal tail surfaces
were moderately wetted by spray at speed coefficients from about 3 to
about 5, and this-wetting was less severe with full power than without

r.?

power. Raising the horizontal tail slightly and incorporating dihe&ral _ __
should be sufficient to eliminate spray over these”tail surfaces.

COIK2LUSIONS -.-..-—.-*

The results of model tests made to determine the hydrodynamic
characteristics-of a low-drag, planing-tail, flying-boat hull indicated
that generally favorable conclusions may be drawn relative to the per-
formance of this hull as compared with the performance of a conventional+
type of hull. The planing-tail model had a large rs&e of elevator posi-
tions available for stable take-offs at all center-of-gravity locations _.
tested, from 22 percent mean aero@smic chord to 41 percent mear”aero-
dynsmic chord, while stable take-offs were not possible with the con-
ventional model forward of 27’percent mean aerodynamic chord. No upper-
limit porpoising was encountered by the planing-tail model at any time.
The planing-tail model encountered no skipping or severe landing insta-
bility at any contact trim, and the maximum changes in rise duxing
landingE were lower than those for the conventional model at all contact
tr.s abom so

2“
,The hydrodynamic resistance of the planing-tail hull

was lower than the resistance of the conventio~ hull at all speeds,
and the load-resistance ratio was higher for the pltiing-tail hull than
for the conventional hull, especially at the hump where the plahing-tail
hull had a value of 6.2 as compared with 4.8 for the conventional hull.
The trim of the planing-tail model at rest was appro@ma.tely 60, compared
with a trim of about 1° for the conventional model. The variation of trim
with speed during take-off was generally much smaller for the planing-’
tail model than for the conventional model.

Langley Aeronautical Laboratory
National Advisory Comittee for Aeronautics

Langley Field, Vs., October 21, 1948
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TABLE I

FRINCIPAL DIMENSIONS OF MODELS

Planing-tail Conventional-
model hull model

Hull:
Beam, maximum, in. 13.50 13.50
Length of forebody, in. 52.00 48.16
Length of afterbody, in. ‘ 72.00 41.87
Length of tail extension, in. o 30.29
Length, over-all, in. 124.00 120.32
Depth of unfaired step,,in. 6.07 0.63
Angle of forebody keel, deg o
Angle of afterbody keel, deg 5.3

;::

Angle of deadrise, main planing
bottom, deg 20.0. 20.0

wing:
Area, sq ft 25.58 25.58
Span, in. “ 200 ●00 200.00
Mean aerodynamic chord,

M.A.C., in. 20.12 20.12
Leading edge M.A.C.

Aft of bow, in. 43.39 37.98
Above base line, in. 20.48 20.22

Angle of wing setting to base
line, deg 5*5 5*5

Angle of wing setting to
forebody keel, deg 5*5 3*5

Horizontal tail surfaces: =
Span, in. 6;.;; a61 .08
Area, stabilizer, Bq ft 3.04
Area, elevator, sq ft 2:77 2.77
Angle of stabilizer to base

line, deg o
Dihedral, deg 0 ;::
Leading edge of stabilizer ,

Aft of bow, in. 105.76 102.20
Above base line, in. 24.00 25.00 :

------

%if ference between values for the span is due to dihedral.

=5=”””–
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Figure 1.- ~Otograph of the m~c model with the 10W-tiag planing-tail g
hull.
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Figure 6.- Center-of-gravity limits of stability. Gross load coefficient,
0.94; full power.
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